Abstract-We simulate streamers in air at standard temperature and pressure in a short overvolted gap. The simulation is performed with a 3-D hybrid model that traces the single electrons and photons in the low-density region while modeling the streamer interior as a fluid. The photons are followed by a Monte Carlo procedure, just like the electrons. First simulation results are presented here.
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P
HOTOIONIZATION is recognized as an important ingredient for the propagation of positive streamers in air (but not necessarily in other gases) [1] . In negative streamers, velocity and diameter seem to be modified by photoionization only in sufficiently high background fields according to fluid models [2] , [3] . In this work, photoionization is included in our hybrid model [5] , [6] on the particle level as implemented in [4] . This means that single electrons and photons are followed as particles in the low-density region to describe the potential runaway of electrons as well as the density fluctuations arising from the discreteness of the individual particles.
The photoionization is implemented in two steps: First, ionizing photons are emitted, and then, the photons are absorbed in an ionization event.
1) The emission rate of ionizing photons is assumed to be proportional to the number of ionizing electron-neutral collisions. The hybrid model couples a particle model with a fluid model in space, as discussed in [5] and [6] . In both the particle region and the fluid region, photons are generated by a Monte Carlo process based on the local rate of ionizing electron-neutral collisions.
2) The frequencies of ionizing photons are assumed to be uniformly distributed within 2.925-3.059 PHz. The mean free path length of photons is a function of the frequency as given in [7] . The flight distance of the photons is then sampled from their mean free path length as for the electrons in [5] and [6] . Another random number determines the flight angle of photons under the assumption of isotropic emission; distance and angle determine the location of absorption. When absorption occurs in the particle region, a new electron-ion pair is created. When absorption occurs in the fluid region, the local particle densities change correspondingly. The simulation results are shown in Fig. 1 . Two planar electrodes at a distance of 1.17 mm create a background field of −100 kV/cm in air at standard temperature and pressure. The initial condition consists of a Gaussian distribution of 500 electron-ion pairs near the cathode. The simulation is carried out on a grid of 256 × 256 × 512 points with cell length ∆x = ∆y = ∆z = 2.3 µm with Neumann boundary conditions in the lateral direction. The time step is ∆t = 0.3 ps. Fig. 1 shows the bulk of electrons with a density > 10 13 /cm 3 (left), the charge density (middle), and the strength of the electric field in the z-direction E z (right) at four different times. At t = 0.375 ns, a double-headed streamer starts to form. At t = 0.4875 ns, an avalanche exceeds the density threshold and appears in the electron bulk plot. At t = 0.6 ns, an avalanche (at the right of the primary streamer) propagates across the y = 0 plane and therefore can be seen in all three plots. At t = 0.7125 ns, the space charge layer of the primary streamer, as well as the electric field, is strongly perturbed. Most photons are absorbed within a few micrometers, but with a small probability, photons travel further and ionize molecules at a rather long distance, and the electrons liberated by these far-traveled photons initiate new avalanches.
In conclusion, by introducing a particle description of the photoionization in our hybrid model, we are able to study the density fluctuations induced by single photons. 
